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&	 Pressey,	 2000;	 Possingham,	Wilson,	 Andelman,	 &	 Vynne,	 2006).	
It	 aims	 to	 identify	 priority	 areas	 that	 comprehensively,	 adequately,	
and	efficiently	protect	 representative	 samples	of	biodiversity.	These	
approaches	 select	 areas	 containing	 many	 kinds	 of	 biodiversity	
(=comprehensively)	across	the	full	range	of	variation	of	each	feature	
(=representative)	 and	 enough	 to	 ensure	 persistence	 of	 biodiversity	
(=adequately)	 for	 a	 minimal	 cost	 (=efficiently)	 (Possingham	 et	al.,	
2006).	 Conservation	 often	 competes	 with	 other	 human	 interests	
(Grantham	 et	al.,	 2013;	 Lu,	Wei-	hua,	 Zhi-	yun,	 &	 Chun-	quan,	 2014;	
Margules,	Pressey,	&	Williams,	2002),	 forcing	 trade-	offs	 to	maintain	




security	 for	 the	biota	 they	cover,	maintaining	natural	processes	and	
viable	populations	while	diminishing	direct	threats	to	their	biodiversity	
(Margules	&	Pressey,	2000;	Margules	et	al.,	2002;	Wilson	et	al.,	2005).
Systematic	 conservation	 planning	 evolved	 steadily	 in	 the	
last	 decades	 to	 achieve	 conservation	 goals	 (Cowling	 &	 Pressey,	
2003;	 Kirkpatrick,	 1983;	 Rondinini,	Wilson,	 Boitani,	 Grantham,	 &	
Possingham,	 2006)	 and	 can	 now	 be	 used	 irrespective	 of	 habitat	
type,	geographical	area,	and	species	composition	(Beger	et	al.,	2010;	
Watts	et	al.,	2009).	To	improve	adequacy	of	conservation	solutions,	
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related	 to	 trophic	 information	have	not	yet	been	 included	 in	 spatial	
systematic	conservation	plans.
Food	 web	 theory	 refers	 to	 trophic	 interactions	 and	 ultimately	
determines	 the	 fate	 and	 flux	 of	 every	 population	 in	 an	 ecosystem	
(Pimm,	Lawton,	&	Cohen,	1991).	Although	the	benefits	for	including	
food	web	 structure	 to	 increase	 adequacy	 in	 conservation	 planning	
are	 widely	 accepted	 (Dobson,	 Allesina,	 Lafferty,	 &	 Pascual,	 2009),	
McDonald-	Madden	 et	al.	 (2016)	 suggested	 that	 the	most	 common	
measures	 (e.g.,	keystone	 index)	of	species	 importance	 in	food	webs	






for	 conservation	 planning	 (McDonald-	Madden	 et	al.,	 2016).	 This	 is	
consistent	with	 Stouffer,	 Sales-	Pardo,	 Sirer,	 and	 Bascompte	 (2012)	
suggesting	that	taking	only	biodiversity	(i.e.,	overall	biodiversity	fea-










all	 species,	 so	 trophic	 interactions	 can	 be	maintained.	The	method	







international	 river	 basin.	 Twenty-	seven	 large	 (ranging	 between	




Danube	 River	 an	 important	 habitat	 for	 endemic	 and	 endangered	
species	 (ICPDR	2015)	 and	 a	 target	 to	 achieve	 favourable	 conser-












Presence/absence	data	of	 fish	 species	 in	each	planning	unit	were	
sourced	 from	 the	 BioFresh	 BioMatrix	 (IUCN,	 2012,	 last	 accessed	





FishBase	with	 1.00	 being	 primary	 producers	 and	 detritus	 feeders	
and	4.99	indicating	high-	level	carnivores.	The	trophic	levels	of	spe-
cies	in	our	database	ranged	between	2.00	(=herbivore/detritivore)	
and	 4.5	 (=	 carnivore).	 For	 this	 proof	 of	 concept	 application,	 spe-
cies	were	divided	according	to	their	 trophic	 level	value	 into	preys	
(Fishbase	 trophic	 level	=	2.00–3.99)	 with	 103	 species,	 predators	
(Fishbase	 trophic	 level	=	4.00–4.99)	 with	 15	 species	 and	 a	 group	
of	10	species	without	available	 trophic	 level	 information	 (Table	1;	
Appendix	S1).
2.4 | Conservation planning approach
To	 identify	 priority	 areas,	 the	 conservation	 planning	 software	
MARXAN	 (Ball,	 Possingham,	 &	 Watts,	 2009)	 was	 used.	 This	
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software	aims	 to	solve	 the	 reserve	design	problem	known	as	 the	
“minimum	set	problem”	by	finding	an	optimal	reserve	network	by	
minimizing	 cost	while	maximizing	 representation	 of	 conservation	
features,	 and	accounting	 for	other	 aspects	 such	as	 spatial	 design	
(eq.	1).	An	 important	 feature	 in	 this	 procedure	 is	 the	principle	of	
complementarity,	which	ensures	that	areas	chosen	for	inclusion	in	








planning	 unit.	 This	 is	 not	 necessarily	 the	 monetary	 value	 of	 a	 land	
parcel	or	stream	section,	but	can	also	be	any	relative	social	 (Adams,	












2.5 | Incorporating trophic level information 
in MARXAN
To	 evaluate	 the	 effect	 of	 using	 trophic	 information	 in	 conservation	
planning,	we	compared	different	scenarios	in	MARXAN	that	we	refer	
to	 as	 “with”	 and	 “without	 trophic	 information”.	 In	 the	 baseline	 sce-
nario	without	 including	 trophic	 information,	 the	cost	of	all	planning	
units	was	homogeneous	(cost	=	1).	For	the	scenarios	with	trophic	in-
formation,	cost	was	discounted	relative	to	the	proportion	of	predator	
species	present	 in	the	 local	assemblage.	 In	this	way,	a	planning	unit	
with	a	high	proportion	of	predators	in	the	assemblage	was	assigned	
a	higher	cost	compared	to	a	planning	unit	with	 lower	proportion	of	




oritization	process	by	 increasing	 the	 importance	of	 the	 trophic	 in-
formation.	 Planning	 units	with	 the	 highest	 proportion	 of	 predator	
species	were	assigned	a	cost	value	of	1,	while	planning	units	with	
































Group Prey Predator n.i.





















1 20 0.64 0.59 0.53
2 5 0.52 0.45 0.38
3 6 0.30 0.20 0.10
4 35 1.00 1.00 1.00
5 17 0.57 0.50 0.44
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To	analyze	the	overall	effect	of	 incorporating	trophic	 level	 infor-
mation	on	the	area	selected	and	the	average	proportion	of	predator	
species	in	the	results	from	MARXAN,	the	spatial	distribution	of	plan-
























trophic	 information	 (Figure	1a,	 b,	 respectively)	 showed	 differences	
in	 location	of	selected	planning	units	 (Figure	1c),	while	total	number	
of	planning	units	generally	did	not	change	(Table	3).	For	example,	for	
a	 target	of	3,	 the	exact	 same	number	of	planning	units	was	chosen	
in	 both	 runs	 irrespective	of	 the	 assigned	 trophic	weighting.	 For	 the	
targets	 5	 and	7—depending	on	 the	weighting—zero	 to	 one,	 and	 for	








3.2 | Effect of including trophic level information on 
average proportion of predator species
The	average	proportion	of	predator	species	in	the	assemblage	across	
the	whole	catchment	was	11.2%.	In	scenarios	without	trophic	infor-
mation,	 the	 average	 proportion	 of	 predator	 species	 in	 the	 planning	
unit	 selected	was	11.6%	 regardless	of	 the	 target	used.	 In	 scenarios	
with	 trophic	 information,	 the	 proportion	 of	 predators	 in	 planning	
units	varied	between	10.9%	with	a	low	target	and	high	weighting,	and	




















cies	 composition.	 To	 our	 knowledge,	 this	 was	 the	 first	 time	 that	




with	 and	 without	 trophic	 information	 revealed	 approximately	 60%	





them	 irreplaceable	 for	 species	 representation	and	conservation	 tar-









this	demonstrates	 that	 including	ecological	 function	 in	conservation	
planning	does	not	necessarily	result	in	an	increased	area	needed	for	
its	implementation,	but	in	a	more	ecologically	sound	network	design.
The	 effect	 of	 including	 trophic	 information	 differed	 across	 targets	
(Figures	2	and	3).	With	a	 lower	target,	MARXAN	has	more	choices	be-
tween	planning	units	with	 lower	proportion	of	predator	 species.	 If	 the	
target	is	set	too	high,	the	effect	of	the	trophic	weighting	diminishes,	as	
MARXAN	is	restricted	to	choose	planning	units	with	a	higher	proportion	of	













itor	 the	 system	 after	 conservation	 actions	 took	 place	 (Margules	 &	
Pressey,	2000).	We	do	not	offer	a	detailed	conservation	plan	for	an	









of	 non-	native	 gobies	 have	 already	 strongly	 altered	 food	 web	 struc-










Target 3 Target 5 Target 7 Target 10
Total area 
(pu) Common pu (%)
Total area 
(pu) Common pu (%)
Total area 
(pu) Common pu (%)
Total area 
(pu) Common pu (%)
1 38 100.00 59 100.00 59 100.00 105 100.00
3 38 55.26 60 59.62 59 66.10 106 65.71
4 38 57.89 59 62.71 60 61.02 106 66.67
5 38 57.89 60 59.32 60 57.63 106 65.71
6 38 60.53 60 64.41 60 57.63 106 61.90
10 38 63.16 60 59.32 60 69.49 108 64.76
20 38 57.89 60 61.02 60 57.63 107 60.00
























to	 incorporate	 species	 traits	 and	 their	 effect,	 rather	 than	producing	
a	 detailed	 conservation	 plan	 for	 the	Danube	 basin.	A	more	 realistic	
conservation	plan	beyond	a	demonstration	exercise	would	require	the	
inclusion	of	other	biodiversity	 information	 (e.g.,	number	of	 individu-












0.25–1,	5	being	0.2–1,	6	being	0.15–1,	10	being	0.1–1,	20	being	0.05–1,	and	100	being	0.01–1;	a	and	b	indicate	significant	difference	(p < .001 
and	p	<	.05,	respectively)	between	scenarios	with	the	same	target
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